Introduction
In patients with epilepsy, correspondence of self-reported memory deficits with performance in objective neuropsychological measures of memory often is poor. [1] [2] [3] [4] [5] Different explanations for this discordance have been suggested. 6 First of all, patients may have different concepts of and terms for cognitive functions and domains than professionals. 3, 7 Furthermore, self awareness of cognitive deficits may be diminished either because of reduced cognitive demands, 8 e.g. in the case of disengagement, or as a result of cognitive impairments. The latter aspect is especially valid for memory problems since objective memory impairment negatively interferes with the self-evaluation of memory. 9 A decline from a pre-morbid high level of memory functioning to a lower but still normal level during the course of the disease may also explain discrepancies between subjective and objective memory measures. 6 Finally, it has been demonstrated that subjective complaints reflect depressive mood better than factual cognitive performance. [10] [11] [12] Proxy reports, however, can be a more reliable source of information with regard to the neuropsychological evaluation. 13 Methodological constraints due to insufficient validity (especially ecological validity) of the applied neuropsychological measures may also contribute to the discordance between subjective and objective memory complaints. 6 Considering research in the field of dementia, it is important to note that different from what is reported in patients with epilepsy, subjective memory impairment (SMI) is a significant predictor of later cognitive decline. [14] [15] [16] [17] Thus, the differential clinical relevance of subjective reports raises the question of whether there are factors beyond mood and depression explaining the discordance between subjective complaints and objective test performance in patients with epilepsy. A simple but intriguing explanation would be that the memory tests miss deficits which are in fact present but are too subtle to be detected by common test procedures. This may well differ across different diseases since memory is not always affected in the same way, and since memory impairment may be accompanied by deficits in different non-memory functions.
Purpose: Despite their excellent clinical validity, objective measures of memory often do not reflect selfperceived memory impairment. This discordance has mostly been attributed to depressed mood. Alternatively, a lack of ecological validity due to the rather short standard retention intervals of 20-60 min may be responsible for this discordance. Therefore, we explored the value of extended retention intervals in regard to subjective memory deficits. Methods: Our prospective study was based on 73 patients with epilepsy. In addition to the standard 30-min retention interval of a verbal learning and memory test (VLMT) patients were randomized to either a free delayed recall after 1 week or after 4 weeks. Mood was assessed by the Beck Depression Inventory (BDI). Results: Forty-four patients (60%) reported self-perceived memory deficits, whereas objective verbal memory impairment was present in 26 patients (36%). Concordance between subjective and objective memory performance was observed in 53% of the patients. Multivariate analyses identified memory performance after 4 weeks and self-rated mood as determinants of subjective memory impairment. Selfperceived memory impairment correlated with the number of remembered words after 4 weeks (r = À0.361, p = 0.030) and the BDI total score (r = 0.332, p = 0.004) but neither with recall performance after 30 min nor after 1 week. Conclusion: Subjective memory appears to follow a different time scale than routine memory testing. Thus, the introduction of longer retention intervals may enhance the ecological validity of standard memory tests. Furthermore, the findings again underscore that controlling for mood is mandatory when dealing with subjective memory complaints.
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In patients with focal symptomatic epilepsy, memory impairment is a prominent feature because most patients suffer from temporal lobe epilepsy. Characteristic impairments in temporal lobe epilepsy are seen in episodic memory, and here particularly in regard to the long-term consolidation of newly acquired memory contents. 7 In this review, most of the reported patients suffered from complex partial seizures originating from the temporal lobe. However, also a group of patients with idiopathic epilepsy showed accelerated long-term forgetting. 22 Accordingly, both seizures and the underlying pathology (primarily affecting memory mediating structures of the medial temporal lobe) must be discussed as etiological factors. In addition, high serum levels of the antiepileptic medication have been discussed to interfere with consolidation processes. 23 Taking this as the background, the aim of the present study was to investigate whether long-term retention intervals may reflect the patients' subjective perception of memory impairment better than a standard retention interval of 30 min. Therefore, we correlated self-perceived memory deficits with an extended neuropsychological assessment of verbal memory functions which included unexpected delayed recall either after 1 week or after 4 weeks in addition to the standard free recall after 30 min in a word list learning paradigm.
Methods

Patients
This prospective study was based on 73 consecutive patients of our clinic who met the following inclusion criteria: (1) chronological age of at least 16 years, (2) diagnosis of epilepsy according to the observed or reported seizure semiology and ictal/interictal EEG, (3) enrollment to standard neuropsychological examination, and (4) no prior neuropsychological assessment within the last year.
Patients were randomly assigned to the 1-week or 4-week delayed recall condition.
All patients gave written consent to participate in this study. The study sample comprised 41 (56%) male and 32 (44%) female patients. The mean age was 38.6 AE 14.2 years (range: 17-77). The average age at onset of epilepsy was 26.3 AE 16.2 years (range: 0-69). Thus, the duration of epilepsy was 12.1 AE 13.4 years (range: 0-63). Complex partial seizures were the most frequent seizure type (60%), followed by simple partial (52%) and generalized or secondary generalized seizures (51%). The majority of patients (66%) were classified as having temporal lobe epilepsy, in 11% seizures originated from extratemporal regions. Structural magnetic resonance imaging (MRI) revealed a lesion in 70% of the patients. The most frequent MRI diagnoses were hippocampal sclerosis or atrophy (23%) and limbic encephalitis (18%).
At the time of the neuropsychological assessment, 11% were off drug, 38% of the patients were on antiepileptic monotherapy, and the majority of patients were on polytherapy (51%) with a maximum of 4 concurrent antiepileptic drugs (AEDs) in 2 patients (3%). With regard to demographic and clinical variables randomization resulted in two comparable subgroups (see Table 1 ). 25 The test requires learning and immediate recall of a list of 15 words in 5 consecutive learning trials, as well as free recall after distraction and free recall and recognition after a 30-min delay. For the purpose of this study the VLMT was extended by an additional unexpected free recall after 1 week or 4 weeks (see Fig. 1 ). The relevant outcome parameters for the study at hand were the learning capacity, i.e. number of correctly reproduced words in the fifth learning trial, and the free recall performance after the retention interval of 30 min (trial VII), 1 week (trial VIIIa) or 4 weeks (trial VIIIb). Normative data of the VLMT was based on 488 healthy controls.
Subjective memory impairment
Self-perceived memory deficits were based on patients' subjective complaints. Before the psychometric assessments all patients are routinely asked whether they perceive problems in different cognitive domains. Patients were classified as complainers when they explicitly mentioned problems in the memory domain, i.e. anterograde memory deficits.
Mood
Self-perceived mood was assessed by the Beck Depression Inventory [BDI;26]. The BDI is a reliable and valid self-rating questionnaire for the assessment of depressive symptoms consisting of a 21-item scale with four severity ratings for each item. The cut-off score for mild depressive mood is >11, for a severe depressive symptomatology >17. Concerning the measurement of depression in epilepsy the BDI total score shows a fairly high sensitivity and good specificity. 
Attention and executive functions
The EpiTrack 129,30 is a screening tool focusing on attention and executive functions. Six subtests assess response inhibition, visuomotor speed, mental flexibility, visual motor planning, verbal fluency and working memory. Based on the subtest results, an agecorrected total score is calculated. Patients can achieve a maximum score of 45 points. Two recently published studies demonstrated its clinical usefulness in epilepsy patients 31, 32 .
Statistical analysis
Statistical evaluations were performed with the SPSS 19.0.0.1 software package by IBM. Baseline differences in memory performance were analyzed by Student's t-tests. Objective memory impairment was defined as an age corrected performance of more than 1 standard deviation below the average performance of the normative sample. We applied repeated measures ANOVÁ s to investigate the change of memory performance as a function of time. Differences in BDI scores were analyzed by a univariate ANOVA, followed by Bonferroni corrected post hoc tests. Multivariate binary logistic regression analyses were used to identify determinants of self-perceived memory impairment taking demographic (age, sex, education), clinical (onset and duration of epilepsy, number of AEDs), and neuropsychological variables (attention and executive functions [EpiTrack total score] and memory performance [VLMT learning capacity, absolute free recall performance after 30 min and after longer-term retention, i.e. 1 or 4 weeks]) into consideration. For the correlation analyses we calculated Pearson product-moment correlations.
Results
Thirty-seven of the 73 patients (51%) were reassessed 1 week after the neuropsychological evaluation and 36 (49%) after a retention interval of 4 weeks (see Fig. 1 ). The two subgroups did not differ with regard to their verbal learning capacity (12.5 vs. 12.4 words; t = À0.178, p = 0.859) or their verbal memory performance after the 30 min retention interval (11.0 vs. 10.4 words; t = À0.703, p = 0.484; see Fig. 2 ). Moreover, the groups did not show differences in the rate of subjective memory complaints (60% vs. 61%; x 2 = 0.021, p = 0.885), in self-rated mood (BDI total score: 9.2 vs. 10.3; t = 0.676, p = 0.501) or in objective performance with regard to attention and executive functions (EpiTrack total score: 29.6 vs. 29.0, t = À0.617, p = 0.539). Thus, randomization resulted in two groups which were comparable in regard to the key variables of the following analyses.
Repeated measures ANOVA revealed a significant loss of words over time when comparing delayed recall performance after 30 min (trial VII) with what had been learned after 5 learning trials (trial V; learning capacity) (F = 43.593, p < 0.001). This is valid for both subgroups without evidence of an interaction effect (F = 0.946, p = 0.334; see Fig. 2 ). The average relative loss of words after 30 min in both groups was 10% and 12%, respectively.
Analyses of the longer-term retention intervals indicated further decline in memory performance (F = 357.968, p < 0.001) as a function of time (interaction effect: F = 8.237, p = 0.005; see Fig. 2 ). Relative to the number of correctly remembered words after the 30-min interval, recall after 4 weeks (trial VIIIb) was associated with a significantly greater decrease in memory performance (76%) than recall after 1 week (trial VIIIa; 53%).
A total of 44 patients (60%) complained about self-perceived memory impairment and 26 (36%) of the patients demonstrated memory impairment when performance in delayed free recall after 30 min was taken as the reference. As it can be taken from Table 2 , concordance between subjective and objective memory performance was only observed in 39 cases (53%). Eight patients (11%) with objective memory impairment did not report subjective memory deficits, whereas 26 patients (36%) showed no objective memory impairment but complained about memory performance.
According to a repeated measures ANOVA patients with unimpaired objective memory performance with vs. without subjective complaints did not show different rates of forgetting in longer-term retention (interaction effect for 1 week delay: F = 0.003, p = 0.957; interaction effect for 4 weeks delay: F = 2.225, p = 0.151). Thus, there is no statistical evidence of accelerated long-term forgetting in patients who complain about memory deficits in the presence of unimpaired recall performance after 30 min. However, on a descriptive level (Fig. 3) , there was a trend towards a greater performance disparity after the 4 week retention interval between patients with and without subjective complaints and no objective memory impairment at the 30-min delay (remembered words at the 4-week delay: 2.6 vs. 4.6; t = 1.772, p = 0.092).
According to BDI scores, depressed mood was indicated in 27% of all patients, in 15% of all patients the symptomatology was severe. The majority of patients (73%) showed no evidence of a mood disorder.
Univariate ANOVA revealed a significant difference in BDI scores (F = 3.741, p = 0.015) when comparing the four groups of patients with vs. without objective deficits in combination with vs. without subjective complaints (Fig. 4) . Post hoc tests disclosed significantly higher BDI scores in patients with subjective but no objective memory impairment in contrast to patients without subjective or objective memory deficits.
Multivariate binary logistic regression analyses revealed two determinants of subjective memory impairment: (1) (poorer) memory performance after longer-term retention and (2) (worse) mood as assessed by the BDI total score. Neuropsychological variables including objective verbal memory performance after 30 min or after 1 week as well as demographic and clinical variables did not help to explain the presence or absence of selfperceived memory deficits. Correlation analyses (see Table 3 ) confirmed that subjective memory impairment was solely related to the number of remembered words after 4 weeks (r = À0.361, p = 0.030) and the BDI total score (r = 0.332, p = 0.004). For the retention intervals of 30 min and 1 week, there were no significant correlations between subjective complaints and objective memory performance. However, on a descriptive level the three correlation coefficients steadily increase with longer retention intervals (Fig. 5 ).
Discussion
In patients with epilepsy, self-reported memory problems often do not correlate with objective memory performance within neuropsychological assessment. As discussed in the introduction section, several reasons like mood problems, divergent concepts of memory, or cognitive impairment may account for this. An insensitivity of the applied test instruments has rarely been discussed as a possible source of disagreement. 33 In this regard, the recently discussed concept of accelerated long-term forgetting, according to which patients appear unimpaired in regular testing with the commonly used retention intervals of 30 min but show increased forgetting rates in the time after, is of interest. The present results confirm that an additional retention interval of 4 weeks indeed enhances the ecological validity of an established word list learning test leading to a better correspondence of subjective with objective memory impairments. The recall condition after an interval of one week did not significantly increase the congruence between objective and subjective assessment. However, correlation coefficients increase over time, indicating that correspondence increases with time (see Fig. 5 ). A reasonable explanation for this observation could be that subjective memory refers to a time scale which is not assessed by routine memory assessment. This would once more show that it is essential to understand what patients exactly refer to when they complain about memory impairment, and that a better definition of the complaints helps to resolve disagreement. 7, 8 As for the concept of accelerated long-term forgetting, the results indicate only with a trend that late losses account for subjective impairment in patients who appear unimpaired in the recall condition after 30 min (see Fig. 3 ). This lack of statistical significance may be due to the small sample size of this specific subgroup analysis resulting in insufficient statistical power. Investigations focusing on accelerated long-term forgetting were inconsistent about which intervals are required to demonstrate accelerated forgetting. Some studies report accelerated long-term forgetting after 24 h 34 or 1 week, 21, 22 whereas others failed to demonstrate accelerated forgetting, applying similar retention intervals. Bell et al., 35 for instance, found no different rates of forgetting in patients with temporal lobe epilepsy when comparing the standard 30 min retention interval with a 24 h delayed recall. In a recent study 36 accelerated long-term forgetting was found in patients with temporal lobe epilepsy between 30 min and Fig. 4 . BDI scores as a function of subjective complaints vs. objective memory impairment. Table 3 Correlations between subjective memory impairment and self-perceived mood as well as objective memory performance after different retention intervals. Significant correlations are highlighted by bold type. three weeks after encoding. Beyond the field of epilepsy, De Renzi and Lucchelli 37 reported a case with hypoxic brain injury who suffered from severe retrograde amnesia, whereas learning of new information and delayed recall after 4 h was unimpaired. After few days, however, the patient was not capable to recall any aspect of the newly acquired information. Presumably, accelerated longterm forgetting is not a general phenomenon but rather fixed to certain clinical conditions. 21 Finally, it is important to note that in line with previous reports, 10,11 subjective memory impairments were again correlated with self-reported mood.
The applied study design with randomization to different longterm retention intervals was chosen to avoid hypermnesia, i.e. the improvement in memory across repeated tests. 38 If all patients would have been reassessed after 1 week and after 4 weeks, reactivation and reconsolidation of memory traces due to the recall at the 1-week delay could have affected the memory performance after 4 weeks. In this context, it is important to note that the randomization resulted in two groups which did not significantly differ in key variables being relevant for the presented analyses (learning capacity, memory performance after 30 min, the rate of subjective memory complaints, self-rated mood, attention and executive functions). A limitation of the present study is the sole use of a single memory measure. For future studies on the relationship between objective and subjective memory deficits, a comparison of different memory tests in a single sample of patients might be desirable. However, in previous studies other measures like the Wechsler Memory Scale (WMS) 39 or the Rivermead Behavioral Memory Test (RBMT) 40 which is believed to have a good ecological validity only show weak or no significant correlations with subjective memory complaints. [41] [42] [43] In conclusion, extending the established and clinically valid objective memory assessment by longer retention intervals may enhance ecological validity of list learning tests on the one hand and may help to objectify patients' complaints about memory deficits better on the other hand. Future studies need to determine which intervals reveal the best and clinically most valid information.
